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Abstract
Open distal pancreatic resection has been performed over the years for management of patients with a variety of pancreatic
disorders. However, the technique is usually not performed in the same way by all surgeons. In recent years, the
laparoscopic approach has been introduced with all the advantages of a minimally invasive procedure. The primary
differences between the open and laparoscopic approaches are the method of access, the method of exposure, and the extent
of operative trauma. The clinical advantages of the laparoscopic approach are the reduced length hospitalization, the
reduction in postoperative pain, absence of wound-related complications and faster recovery.
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Introduction
Distal pancreatic resection has been performed over
the years for management of patients with inflamma-
tory pancreatic disorders for chronic pancreatitis, and
tumors localized in the body and tail of the pancreas.
However, the technique is usually not performed in
the same manner by all surgeons.
In general, distal pancreatectomy is performed en
bloc along with resection of the spleen. Most of the
time, the en bloc pancreatic-spleen resection is
performed for technical reasons; it makes the opera-
tion short and easy but does not offer any special
advantage for the patient. Overwhelming sepsis after
distal pancreatectomy and splenectomy has been
reported [1]. Kimura et al. [2] have described the
technique of preserving both the splenic artery and
vein. In addition, Warshaw [3] has described a
technique of distal pancreatectomy in which splenic
vessels are ligated both at the level of transection of
the pancreas and again at the splenic hilum, leaving
the spleen to survive on blood flow through the short
gastric vessels. Others have described techniques
whereby the pancreas is dissected off the splenic
vessels completely [4].
In recent years, the laparoscopic approach has been
introduced, with all the advantages of a minimally
invasive procedure [5/11]. The aim of this paper is to
describe the fundamental differences between the
open and the laparoscopic approaches in patients
undergoing distal pancreatic resection.
Fundamental differences
It is important to discuss the fundamental differences
between laparoscopic and open approaches to pan-
creatic surgery in order to understand the differences
in clinical outcome between the two operations.
The primary differences between the two procedures
are the method of access (length and number of
abdominal incisions), the method of exposure, and
the extent of operative trauma. Open distal pancreatic
resection is commonly performed through an upper
abdominal incision, whereas laparoscopic distal pan-
creatic resection is performed through four or five
small abdominal incisions. The method of exposure
during open distal pancreatectomy involves the use of
abdominal wall retractors and mechanical retraction
of the abdominal viscera. In contrast, the method of
exposure during laparoscopic distal pancreatic resec-
tion involves the use of pneumoperitoneum to create a
working space and gravidity for displacement of the
abdominal viscera. By reducing the length of the
surgical incision and eliminating the need for mecha-
nical retraction of the abdominal wall and viscera, we
believe that the operative trauma after laparoscopic
distal pancreatic resection is reduced compared with
that of open distal pancreatic resection.
Open approach
The patient is placed in the supine position. A
bilateral subcostal, straight transverse incision or
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midline incision can be used. The planning of the
operation can be distal pancreatectomy with en bloc
splenec-
tomy or spleen-preserving distal pancreatectomy with
or without splenic vessels preservation.
Distal pancreatectomy with en bloc splenectomy
Step 1: Division of the gastrocolic omentum; the
body-tail of the pancreas is best exposed by displacing
the omentum and the colon with its mesocolon
inferiorly away from the pancreas. The dissection is
continued up to the uppermost short gastric vessels,
which are ligated and divided.
Step 2: Division of adhesions between the posterior
wall of the stomach and pancreas allows the stomach
to be retracted superiorly. The celiac axis is visualized
at the upper border of the body of the pancreas; the
hepatic artery is identified and freed from the superior
margin of the pancreas; this artery is then followed to
the left until it merges with the splenic artery at its
origin from the celiac trunk. The splenic artery is
ligated and divided (Figure 1).
Step 3: The posterior aspect of the body of the
pancreas is mobilized out of the retroperitoneum until
the superior mesenteric vein is clearly identified
(Figure 1). A tape is passed around the neck of the
pancreas after dissecting the mesenteric-portal vein
axis from the neck of the pancreas. The body of the
pancreas is further mobilized until the inferior me-
senteric vein is identified and divided. The dissection
of the inferior border of the pancreas is continued and
extended beneath the pancreas where there is often an
avascular plane. At this point the splenic hilum is
visualized.
Step 4: After dissecting the body-tail of the pancreas
the lienorenal and lienophrenic ligament are divided.
The spleen (free from the diaphragm) and tail of the
pancreas are dissected from the posterior abdominal
wall; the dissection is continued to the neck of the
pancreas. With the spleno-pancreatic-block fully mo-
bilized and brought over the right side of the patient,
the splenic vein is dissected onto the portal vein and
oversewn on the portal vein (Figure 2).
Step 5: The left pancreas is now attached to the head
of the pancreas by a narrow neck of tissue; we favor
transection of the pancreas by means of a 30-mm
linear stapling device (Figure 2). Another option is
that transection of the pancreas can be performed by
using electrocautery; to prevent pancreatic fistula, a
row of prolene 3/0 sutures is placed in a figure of
eight fashion over the end of the pancreas; a separated
suture is placed in a mattress fashion around the
divided pancreatic duct. Further refinement is trans-
ection of the pancreas by the ultrasonic dissector;
during the transection procedure, even small pancrea-
tic ducts and vessels are adequately exposed, tied
proximally and divided. The pancreatic stump is left
open without parenchymal suturing.
Recently, Strasberg et al. [12] have described the
radical antegrade modular pancreatosplenectomy.
The authors recommend the technique in patients
with adenocarcinoma of the body and tail of the
pancreas. In this method dissection proceeds from
right to left in one of two posterior dissection planes to
achieve negative posterior resection margins. The
procedure is performed as described below.
Step 1: Division of the neck of the pancreas after
dissection of the lymph nodes on the left border of the
Figure 1. Open distal pancreatectomy with en bloc splenectomy:
(1) division of the splenic artery; (2) dissection of the inferior border
of the pancreas.
Figure 2. Open distal pancreatectomy with en bloc splenectomy:
(1) division of the splenic artery; (2) the spleno-pancreatic-block
fully mobilized and brought over the right side of the patient; (3) the
splenic vein oversewn over the portal vein; (4) transection of the
pancreas using staple device.
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proper hepatic artery, portal vein and common
hepatic artery.
Step 2: Performance of the celiac node dissection at
this time exposes the origin of the splenic artery, and
it is ligated and divided close at this point.
Step 3: The splenic vein is isolated at its junction with
the superior mesenteric vein and divided. The plane
of the dissection now proceeds vertically in the sagittal
plane, dividing fat and fibrosis tissue until the superior
mesenteric artery is encountered. The lymph nodes
anterior to the aorta between the celiac artery and the
superior mesenteric artery and those anterior to the
left of the superior mesenteric artery are taken with
this step.
Step 4: When the planned posterior plane is anterior
to the adrenal, the dissection on the aorta is carried no
farther. If the planned posterior plane of dissection is
posterior to the adrenal, the dissection is carried down
the left side of the aorta in the sagittal plane onto the
diaphragm.
Spleen-preserving distal pancreatectomy
When performing spleen-preserving distal pancrea-
tectomy we have two alternatives: spleen salvage with
or without splenic vessels preservation.
Step 1: In the latter technique after division of the
gastrocolic omentum, the splenic artery is ligated and
divided (Figure 3).
Step 2: The posterior aspect of the body-tail of the
pancreas is mobilized out of the retroperitoneum until
the splenic hilum is clearly identified.
Step 3: A 30-mm linear stapler is placed between the
distal end of the tail of the pancreas and the splenic
hilum (including the entry of the short gastric vessels
and the left gastroepiploic vessels), the spleen is kept
vascularized solely from these vessels (Figure 3).
Step 4: The body-tail of the pancreas is then brought
over the right of the patient. The splenic vein is
identified, ligated and divided at its junction with
mesenteric-portal vein axis (Figure 3).
Step 5: Transection of the pancreas is performed as
described above (Figure 2).
In the technique of spleen-preserving distal pan-
createctomy with splenic vessels preservation, the
dissection of the superior and inferior border of the
pancreas is performed as described above, to identify
the splenic artery emerging from the celiac trunk and
the splenic vein-superior mesenteric vein junction
(Step 1).
Step 2: A tunnel behind the neck of the pancreas is
created between the splenic vessels and the posterior
wall of the pancreas to allow transection of the neck of
the pancreas by using a 30-mm staple device.
Step 3: The splenic artery and the splenic vein are
carefully dissected away from the posterior aspect of
the pancreas until the the splenic hilum is reached.
Much of this can be done bluntly, but there are small
vessels between the pancreas and the splenic vessels
that need to be identified, coagulated or ligated and
divided.
Step 4: A 30-mm linear stapling device will divide the
vascular attachments between the tail of the pancreas
and the splenic hilum.
Laparoscopic surgery
Using our approach [10,11], the patient is placed in
the half-lateral position with the left side up. The
surgeon and assistant stand on the left side of the
patient and the camera person and scrub nurse on the
opposite side. Four 10/12-mm trocars are inserted in
the abdominal wall 3/4 cm above the umbilicus, on
the xiphoid area, subcostal on the midaxillary line and
subcostal to the midclavicular line. Two monitors are
used. CO2 pneumoperitoneum is used. Abdominal
pressure is monitored and mantained atB/14 mmHg.
A 308 scope is used. The liver is explored visually
and by laparoscopic ultrasonography (7.5 MHz
probe, 10 mm diameter; B-K Medical, Gentolfe,
Denmark) (LapUS).
Spleen-preserving distal pancreatectomy with splenic
vessels preservation
Step 1: The first step is to start with sectioning the
lienorenal ligament and dissecting the subjacent fascia
Figure 3. Open distal spleen-preserving distal pancreatectomy
without splenic vessels preservation: (1) division of the splenic
artery; (2) dissection of the inferior border of the pancreas; (3)
transection, by using staple device, of the area between the distal
end of the tail of the pancreas and the splenic hilum; (4) splenic vein
is oversewn over the portal vein.
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lateral to the spleen. The splenocolic ligament is
divided using a harmonic scalpel or Ligasure device.
The splenic flexure of the colon is mobilized down-
ward. The gastrocolic omentum is widely opened up
to the level of the mesenteric vessels, and the body-tail
of the pancreas is then visualized. The anterior aspect
of the pancreas is exposed by dividing the adhesions
between the posterior surface of the stomach and the
pancreas. Care must be taken to preserve the short
gastric and the left gastroepiploic vessels.
Step 2: The inferior border of the pancreas is dissected
and the body and tail of the pancreas are completely
detached from the retroperitoneum. This mobiliza-
tion of the left pancreas allows visualization of the
posterior wall of the gland, where the splenic vein is
easily identified (Figure 4). The splenic vein is pushed
away from the posterior pancreatic wall by gentle
blunt dissection. Visual magnification through the
laparoscope permits excellent control of the small
pancreatic veins, which are coagulated using the
Ligasure device or the harmonic scalpel, or clipped
with titanium clips. A tunnel is created between the
splenic vein and the pancreas. The splenic artery is
identified through this space using blunt careful
dissection with a curve dissector.
Step 3: The pancreas is then transected with a 30-mm
endoscpic linear stapler (Figure 5). Usually two
stapler applications are necessary.
Step 4: The tail of the pancreas is then grasped and
retracted anteriorly with a 5-mm forceps, and traction
is applied to expose the small branches of the splenic
artery and vein, which are coagulated using the
Ligasure device (Figure 5). The dissection is contin-
ued laterally until the splenic hilum. The vascular area
connecting the end of the tail of the pancreas and the
spleen is transected with a 30-mm endoscopic linear
stapler (EndoGIA). Another option is to expose the
vessels connecting the tail of the pancreas with the
splenic vessel, which are ligated and coagulated
(Figure 6).
Spleen-preserving distal pancreatectomy without splenic
vessels preservation
This technique follows the same surgical steps as
described above until the plane behind the neck-body
of the pancreas and in front of the superior mesenteric
and portal veins. At this point the splenic vein is
divided between clips (Step 1) (Figure 7). The use of
laparoscopic ultrasonography demarcates the line of
pancreatic transection 2 cm away from the tumor.
Step 2: After pancreatic transection the splenic artery
is divided between clips.
Step 3: The left pancreas is then lifted up and
mobilized posteriorly with the splenic artery and
vein. The latter are clipped and divided or transected
with endoGIA as they emerge from the pancreatic tail
to enter the hilum of the spleen.
Step 4: The spleen is kept vascularized solely from the
short gastric vessels and the left gastroepiploic vessels
(Figure 7).
Outcome of distal pancreatic resection using
open or laparoscopic approaches
The feasibility and safety of any operation are defined
by the analysis of mortality and morbidity. In addi-
tion, when comparing the outcomes of a single
operation performed by two different techniques, it
is crucial to understand which outcome measures are
important for assessing clinical practice. Some of the
commonly used measurements of outcome include
operative time and length of hospital stay. From the
patient’s perspective the amount of postoperative pain
and the duration of convalescence are important.
The mortality rate after open distal pancreatic
resection (DPR) ranges from 0% to 4% [13]. In the
majority of publications of laparoscopic pancreatic
resection the postoperative mortality was zero. How-
ever, in a recent report by Edwin et al. [14], the
mortality rate for patients undergoing laparoscopic
pancreatic resection was 8.3% (2 of 24). One patient
Figure 4. Laparoscopic spleen-preserving distal pancreatectomy with splenic vessels preservation. The inferior border of the pancreas is
dissected and the body and tail of the pancreas are completely detached from the retroperitoneum. A tunnel is created between the splenic
vein and the pancreas. The pancreas is transected with a 30-mm endoscopic linear stapler.
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with adenocarcinoma of the body-tail of the pancreas
was converted to open surgery due to intraoperative
bleeding and underwent celiac trunk transection and
reconstruction. This patient died 19 days after surgery
due to sepsis and multi-organ failure. The second
patient died 8 days after laparoscopic distal pancrea-
tectomy for metastatic tumor of the pancreas (from a
renal cancer), due to myocardial infarction. Most
recently, in a retrospective multicenter study con-
ducted in 25 European surgical centers concerning
their experience with laparoscopic DPR there were no
postoperative deaths [15].
The morbidity after open DPR reportedly ranges
from 22% to 45% [4,16]. One of the most serious
complications of DPR is the development of a post-
operative pancreatic fistula, which may lead to a
subphrenic abscess, sepsis or lethal arterial bleeding.
Factors that have been implicated as potentially
important in the development of pancreatic leak
include the method of pancreatic stump closure, the
underlying disease process (e.g. chronic pancreatitis,
benign tumors, malignant tumors, trauma), and
concomitant splenectomy.
In the recent literature (based on more than 100
patients) [17/22], the incidence of pancreatic fistula
after pancreatic left resection is highly variable,
ranging from 3% to 34% (Table I). These differences
might be related to the variability of the definitions of
pancreatic fistula. In some series, the definitions are
not reported, and in others, the amount of drainage
fluid ranged from 10 to 50 ml per 24 h, with amylase
at least three times the normal serum activity between
3 and 7 days postoperatively. A critical analysis of
pancreatic fistula rate after pancreatic resection was
reported by Bassi et al. [23]. According to these
authors, the pancreatic fistula rate after pancreatic
resections is strictly dependent upon the definitions
used. Therefore, an overall general agreement for an
internationally accepted definition is urgently needed
to correctly compare different experiences. The in-
cidence of pancreatic leakage in cases of laparoscopic
distal pancreatectomy according to the review of the
literature by Shimizu et al. [24] is 10% (9/88 cases).
In the multicenter European Study of 127 patients the
total frequency of such leakage was 27% after laparo-
scopic distal spleno-pancreatectomy and 36% after
spleen-preserving distal pancreatectomy [15]. By
comparison, the pancreatic fistula rate after laparo-
scopic DPR in individual series, at Hospital Clinic of
Barcelona and Mount Sinai of New York, was found
to be 15% and 16%, respectively [11,25]. The
automatic stapling device is very often used in
laparoscopic DPR for transection of the pancreas.
With the current available data it is not possible to
determine whether the rate of pancreatic leakage in
laparoscopic DPR is higher or lower than in open
DPR.
In open DPR the optimal method of pancreatic
stump closure is still controversial [26,27]. Conven-
tional ligation of the main pancreatic duct with
Figure 6. Laparoscopic spleen-preserving distal pancreatectomy
with splenic vessels preservation. The vessels connecting the end
of the tail of the pancreas are ligated or coagulated with a Ligasure
divice.
Figure 7. Laparoscopic spleen-preserving distal pancreatectomy
without splenic vessels preservation: (1) division of the splenic vein;
(2) transection of the pancreas; (3) division of the splenic artery; (4)
transection of the area between the end of the tail of the pancreas
and the splenic hilum.
Figure 5. Laparoscopic spleen-preserving distal pancreatectomy
with splenic vessels preservation. Transection of the neck of the
pancreas with endoGIA; the tail of the pancreas is grasped and
retracted anteriorly; exposure of the vascular connection between
the end of the tail of the pancreas and the splenic hilum.
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closure of the resected margin with sutures may leave
these small branches open and allow them to leak.
The staple method has the advantage of simplicity and
speed. In some series pancreatic leaks occurred more
often after a sutured closure of the pancreatic stump
compared with those that were stapled [28]. However,
Bilimoria et al. [21] have shown that failure to identify
and selectively close the pancreatic duct was the only
feature associated with an increased risk of pancreatic
leak after open DPR. Balzano et al. [22] have recently
reported the analysis of a retrospective study of 123
patients undergoing left pancreatectomy, comparing
the fistula rate after different methods of closure of the
pancreatic remnant. There was no surgical difference
in the leakage rate between different groups: 38%
after suture closure, 34% after stapled closure alone,
and 31% with the combined technique. At present,
the best technique to close the pancreatic remnant is a
question that remains open.
In patients with carcinoma of the body and tail of
the pancreas Fagniez and Mun˜oz-Bongrand [29] have
reported that the early division of the neck of the
pancreas during distal pancreatectomy provides
superior access to control the splenic vessels. Re-
cently, Strasberg et al. [12] have described a modified
technique of distal pancreatectomy for cancer of the
body and tail of the pancreas; this method of radical
antegrade modular pancreatosplenectomy dissection
proceeds from right to left, removes N1 nodes and
permits adjustment of the depth of the posterior
extent of resection coupled with early rather than
late control of the vasculature. We believe that with
this particular dissection in patients with carcinoma
of the body and tail of the pancreas, the laparo-
scopic approach provides excellent visibility for re-
moving lymph nodes in the area of adrenal and renal
vessels.
The question of spleen-preserving distal pancrea-
tectomy is also controversial. Talamini et al. [30]
reported that 74% of patients with mucinous cystoa-
denomas undergoing open DPR had splenectomy.
One late septic death occurred in this group. Recently,
Lillemoe et al. [18] reported the largest single
institution experience with open DPR (235 patients)
for a variety of pancreatic disorders including chronic
pancreatitis and benign and malignant pancreatic
tumors, and only 16% of patients had splenic
preservation. In another series of 71 patients reported
by Ferna´ndez del Castillo et al. [31], the incidence of
spleen preservation was 20%.
Published data from two retrospective reviews
comparing patients who had surgery mainly for
trauma or pancreatitis, undergoing open DPR with
and without splenectomy, had shown no differences in
complication rates between groups, concluding that
splenectomy should not be a routine part of DPR
[4,26]. However, in a retrospective study by Benoist
et al. [32], pancreatic complications such as
fistula or subphrenic abscess occurred more fre-
quently in patients after spleen-conserving surgery.
More recently, Shoup et al. [20] reported the series
from the Memorial Sloan-Kettering Cancer Center
including 211 patients undergoing open DPR. Sple-
nectomy was performed in 79 patients (63%) and
splenic preservation in 46 (37%). Perioperative com-
plications occurred in 49% of patients following
splenectomy and in 39% following splenic preserva-
tion. Perioperative infectious complications and se-
vere complications were significantly higher in the
splenectomy group (28% and 11%, respectively),
compared with the splenic preservation group (9%
and 2%, respectively). Length of hospital stay was 9
days following splenectomy and 7 days following
splenic preservation.
In some series laparoscopic DPR is performed in
association with splenectomy. However, in some other
series spleen-preserving distal pancreatectomy with
and without splenic vessels preservation was the most
preferable technique [33]. In reports with 15 or more
[25,34] patients undergoing laparoscopic DPR spleen
salvage was possible in between 20% and 100%. In
our series of patients with pancreatic tumors in the
body-tail of the pancreas laparoscopic spleen-preser-
ving distal pancreatic resection (laparoscopic SPDPR)
was performed in 92% of patients [34]. However,
laparoscopic SPDPR was associated with splenic
complications in 16% of patients, mainly focal splenic
infarct, and interestingly this complication was only
observed in patients undergoing laparoscopic SPDPR
without splenic vessels preservation. We believe DPR
performed by the open approach or laparoscopic
splenic preservation is preferable because it eliminates
the uncommon but potentially fatal complication of
overwhelming infection with encapsulated bacterial
organisms.
In the majority of studies the mean hospital stay
after laparoscopic DPR was 6 days [11/34]. This is a
notable reduction of the postoperative length of stay
in comparison with the largest simple institution
experience with open DPR, reporting a mean of
15 days [18]. In a report from the Massachusetts
General Hospital it was demonstrated that after open
DPR, patients recently experienced a decrease in the
length of stay from 9 to 7 days [19].
Table I. Incidence of pancreatic fistula after pancreatic left resec-
tion in more than 100 patients.
Approach Reference
Number
of patients
Pancreatic
fistula (%)
Open Fabre et al. [17] 128 3
Lillemoe et al. [18] 235 5
Balcom et al. [19] 190 14
Shoup et al. [20] 125 7
Bilimoria et al. [21] 126 19.8
Balzano et al. [22] 123 34.1
Laparoscopic Mabrut et al. [15] 127 35
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Postoperative pain is an important measure of
outcome because it can be measured objectively.
The degree of pain after open DPR is associated
with the length of surgical incision, the extent of
operative dissection and operative trauma. The results
from our own series demonstrated that for patients
undergoing laparoscopic DPR the amount of pain
medication is not different to that required by patients
undergoing laparoscopic cholecystectomy.
The reduced incidence of wound infections after
laparoscopic DPR is one of the recognized advantages
of the laparoscopic approach. Furthermore, another
clinical advantage of the laparoscopic DPR is the
reduced incidence of a late incisional hernia. Recovery
is a very important outcome parameter and can be
measured by questioning the patients’ time to return
to activities of daily living. We previously reported that
laparoscopic DPR patients had a more rapid return to
activities of daily living than open DPR patients [35].
In our series the mean time for the patients under-
going laparoscopic distal pancreatectomy to resume
previous activities was 3 weeks.
Conclusions
Fundamental technical differences exist between open
and laparoscopic distal pancreatic resection. Deci-
sions need to be made on the basis of the individual
clinical scenario. No single tool or procedure can be
considered appropriate for all patients. The open
DPR has a long, proven track record of providing a
cure for pancreatic diseases with acceptable morbidity
and mortality after surgery. Laparoscopic DPR is a
complex advanced laparoscopic operation that ac-
complishes the same objectives as open DPR but
avoids a large upper midline or subcostal abdominal
incisions. The differences between laparoscopic and
open DPR are the method of access and exposure; the
surgical insult should be less after laparoscopic than
after open pancreatic surgery. The clinical advantages
of the laparoscopic approach are the reduced length of
hospitalization, the reduction in postoperative pain,
absence of wound-related complications, and faster
recovery.
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